ABSTRACT A study was conducted to determine the effect of including pea protein isolate (PPI) in diets for broilers on performance, visceral organ weights, and nutrient digestibility. A total of 192 day-old chicks were assigned to 4 diets with 6 birds per cage and 8 replicates per treatment for a 21-d study. The diets included a corn-soybean meal-based basal diet with 0, 5, 10, or 15% of PPI. Total BW and feed disappearance were monitored weekly to determine ADG, ADFI, and feed conversion ratio per cage basis. Excreta samples were collected during the last 3 d of the experiment to determine the apparent total tract retention (ATTR) of protein and energy. On day 21, 3 birds from each cage were euthanized to collect ileal digesta to determine the apparent ileal digestibility (AID) of energy and amino acids (AA), and visceral organs were weighed. Increasing dietary inclusion of PPI resulted in a linear decrease in overall ADFI (P = 0.002) and ADG (P = 0.001), and a linear increase in feed conversion ratio (P = 0.013). Dietary PPI quadratically increased (P = 0.005) the spleen weight. The weight of proventriculus showed both linear (P = 0.023) and quadratic (P = 0.005) reduction while the weight of gizzard was quadratically reduced (P = 0.002) with the increase in dietary PPI content. Weights of small and large intestine showed both linear (P < 0.05) and quadratic (P < 0.05) reduction with increasing dietary PPI content. An increase in the dietary level of PPI resulted in a quadratic reduction (P < 0.05) in ATTR of DM and CP. The AID of His, Asp, Glu, Gly, and Ser showed a quadratic reduction (P < 0.05), Tyr a linear reduction (P = 0.031) and Cys and Pro both linear (P < 0.05) and quadratic (P < 0.05) reduction with dietary inclusion of PPI. In conclusion, formulating diets with increasing PPI linearly decreased the growth performance of broilers.
INTRODUCTION
Pea (Pisum sativum) is a major source of protein, being used both as human food and animal feed (Fredrikson et al., 2001 ). However, peas contain anti-nutritional factors such as antigenic proteins, trypsin inhibitors, α-amylase inhibitors, lectins, alkaloids, tannins, and saponins (Rohe et al., 2017) , which can reduce the nutrient digestibility and performance when fed to livestock. Processing of feed ingredients was shown to reduce the anti-nutritional factors and thereby improving nutritional value (Akande and Fabiyi, 2010) . Field peas are processed through various commercial techniques such as air classification, wet milling, and membrane treatment to extract the protein fraction known as protein concentrates, from the starch and fiber. Taking the concentration procedure a step further, an "isolation technique" eliminates a much higher fraction of the nonprotein content. Isolation technique involves the use of C 2018 Poultry Science Association Inc. Received September 27, 2017. Accepted October 8, 2018. 1 Corresponding author: Martin Nyachoti@umanitoba.ca alkaline extraction for separating the protein from field pea, followed by acidic precipitation (Sumner et al., 1981) producing the pea protein isolates (PPI) with low concentrations of anti-nutritional factors. Furthermore, PPI contain around 4 times more CP than the parent field pea (Le Guen et al., 1995a; Owusu-Asiedu et al., 2003) , making it an excellent protein source for non-ruminants. Pea protein isolates are rich in most of the indispensable amino acids (AA), especially lysine (Nandha et al., 2013) . The high lysine concentration can be beneficial while formulating low protein diets with cereal grains naturally low in lysine, resulting in a reduced requirement of synthetic AA.
Few studies have evaluated the nutritive value of pea proteins, mostly the pea protein concentrates for swine and poultry through performance and nutrient digestibility. Moreover, only a few studies have determined the ileal digestible AA content of PPI fed to broilers. Apparent ileal digestibility (AID) of most of the AA was found to be higher in PPI when compared to the whole pea in swine (Le Guen et al., 1995b; Woyengo et al., 2015) and poultry (Nandha et al., 2013) . However, studies have shown that inclusion of pea protein concentrates in diets of young pigs can reduce the growth performance, mainly by lowering the 803 daily feed intake (Christison and Parra de Solano, 1982; Valencia et al., 2008) .
To the best of our knowledge, no studies have been conducted to evaluate the effect of feeding diets containing PPI as a protein source on performance of broiler chicken. Therefore, the objective of the current study was to determine the effects of feeding increasing levels of PPI as a source of dietary protein on performance, apparent ileal AA digestibility, and apparent total tract protein and energy retention of diets fed to broilers.
MATERIALS AND METHODS
All experimental procedures were reviewed and approved by the University of Manitoba Animal Care Committee, and birds were cared for and handled in accordance with the guidelines of the Canadian Council on Animal Care (CCAC, 2009).
Animals and Housing
A total of 192 day-old male broiler chicks (Ross 308) were obtained from a local hatchery (Carlton Hatchery, Grunthal, Manitoba, Canada) and used in a 21-d study. The chicks were individually weighed upon arrival and divided into 32 groups of 6 birds balanced for BW. They were then group weighed, and each group was housed in a cage in an electrically heated Super brooder (Alternative Design Manufacturing and Supply, Siloam Springs, AR). The room and brooder temperatures were set at 32 and 29
• C, respectively, during the first week. Subsequently, heat supply in the brooder was switched off, and room temperature was reduced by 1
• C each week. The light was provided for 24 h daily throughout the experiment.
Experimental Diets
The experimental diets include a corn-soybean mealbased basal diet containing either 0, 5, 10, or 15% of PPI (Table 1) . Several sources, including the NRC (1994) nutrient requirements, Breeder Recommendations (Aviagen, 2014) , and feed industry recommendations (personal communication) were used to determine the adequate nutrient balance. All diets contained titanium dioxide (0.3%) as an indigestible marker. The PPI was obtained from Nutri-pea Ltd., Portage La Prairie, Manitoba, Canada.
Experimental Design and Procedure
The 4 experimental diets were fed to the 32 groups (8 groups/diet) of birds from day 1 to 21 of age. Freshwater and feed were made available to all birds for ad libitum intake throughout the experiment. During the experimental period, total BW and feed disappearance were monitored weekly to determine ADG, ADFI, and feed conversion ratio on cage basis.
Grab excreta samples were collected from each cage during the last 3 d of the trial to determine the apparent total tract energy and protein retention. On day 21, 3 birds per cage were killed by carbon dioxide euthanasia, and the digesta samples from the ileum (from Meckel's diverticulum to a point 4 cm proximal to the ileocecal junction) were collected by gently squeezing the contents of the ileum into sample bags. Excreta and digesta samples within a cage were pooled into 1 bag and frozen immediately after collection and subsequently freezedried. The dried ileal digesta were stored in airtight bags at −4
• C until required for chemical analysis. The liver, kidney, and gastrointestinal tract (proventriculus, gizzard, small and large intestine) were also removed from the killed birds and weighed after emptying the contents.
Sample Preparation and Analysis
The experimental diet, excreta, and digesta samples were finely ground using a coffee grinder (CBG5 Smart Grind; Applica Consumer Products Inc., Shelton, CT) before chemical analysis. Diet, excreta, and digesta samples were analyzed for DM, CP, AA (diet and digesta only), gross energy (GE), and titanium dioxide. Dry matter content was determined according to the AOAC (1990; method 925.09) by oven drying 5 g of sample at 102
• C overnight. Gross energy was measured using an adiabatic bomb calorimeter (model 6400, Parr Instrument, Moline, IL) which had been calibrated using benzoic acid as a standard. Nitrogen content was determined using the combustion method (method 990.03; AOAC, 1990) using the LECO N analyzer (model CNS-2000; LECO Corp., St. Joseph, MI), and CP was calculated as nitrogen × 6.25. Titanium contents were determined according to the procedures described by Lomer et al. (2000) and read on an inductively coupled plasma mass spectrometer (Varian Inc., Palo Alto, CA). Amino acid contents were determined according to AOAC (1990; method 982.30) . Briefly, about 100 mg of each sample was digested in 4 mL of 6 M HCl for 24 h at 110
• C followed by neutralization with 4 mL of 25% (wt/vol) NaOH and cooled to room temperature. The mixture was then equalized to 50 mL volume with sodium citrate buffer (pH 2.2) and analyzed using an AA analyzer (Sykam GmbH, Fürstenfeldbruck, Germany) . Samples for analysis of sulfur-containing AA (methionine and cysteine) were subjected to performic acid oxidation before acid hydrolysis. Particle size of the diets was determined by using a Tyler Ro-Tap shaker machine (Model RX-29, W. S. Tyler Industrial Group, Mentor, OH) equipped with set of 13 sieves as recommended by the American Society of Agricultural and Biological Engineers (ASABE; Standard, 2003) .
Calculations
Apparent ileal digestibility (AID) and total tract retention (ATTR) coefficients were calculated using the following equation:
Statistical Analysis
Data were analyzed using the MIXED procedure of SAS (SAS software 9.2; SAS Inst. Inc., Cary, NC) in a randomized complete block design, with the pen as the experimental unit. Results were considered significant at P ≤ 0.05, and tendencies were observed at 0.05 < P < 0.10. Orthogonal polynomials were used to determine linear and quadratic effects of increasing dietary PPI content.
RESULTS
The analyzed composition of experimental diets and PPI is presented in Tables 1 and 2 . The CP values in the diets were close to the calculated values. Particle size distributions of the diets are shown in Figure 1 . Comparison of the particle size distributions of the diets showed that a variation in particle size distribution persisted between diets, particularly in the proportion of fine particles. Data on the effect of graded levels of PPI in diets on growth performance of broilers are presented in Table 3 . Increasing the dietary inclusion level of PPI from 0 to 15% resulted in a linear decrease in overall feed intake (P = 0.002) and overall BW gain (P < 0.001). An increase in the dietary inclusion of PPI also resulted in a linear increase in feed conversion ratio (P = 0.013).
Data on the effect of inclusion level of PPI in diets on organ weights are presented in Table 4 . Increasing dietary inclusion of PPI showed a quadratic increase (P = 0.005) in the spleen weight, even though the spleen weight for diets with 10% PPI showed a significant decline. The weight of proventriculus showed both linear (P = 0.023) and quadratic (P = 0.005) reduction with an increase in the dietary inclusion of PPI. However, the weight of proventriculus significantly declined only with a dietary inclusion level of 10% PPI. The weight of gizzard quadratically declined (P = 0.002) such that the gizzard weight decreased when the dietary level of PPI was increased from 0 to 15%. Weights of small and large intestine showed both linear (P < 0.05) and quadratic (P < 0.05) reduction with an increase in the dietary inclusion of PPI. However, a significant reduction in weights of small and large intestine was observed only with a dietary inclusion level of 10 and 15% PPI. There was no effect of dietary treatment on liver weight. An increase in the dietary level of PPI from 0 to 15% resulted in a quadratic reduction (P < 0.05) in ATTR of DM and CP with ATTR of GE showing a tendency for reduction (quadratic P = 0.053) with increasing inclusion levels of PPI (Table 5) .
The AID values of AA in diets with graded levels of PPI are presented in Table 5 . Among the indispensable AA, only AID of His showed a quadratic reduction (P = 0.008) with increasing dietary inclusion of PPI. However, the level of PPI inclusion (5, 10, and 15%) did not have any effect on AID of His. Also, a tendency for reduction in AID was observed for Leu (P = 0.087) and Phe (P = 0.065) with increasing inclusion levels of PPI. Among dispensable AA, AID of Asp, Glu, Gly, and Ser showed a quadratic reduction (P < 0.05) and AID of Tyr showed a linear reduction (P = 0.031) with increasing dietary inclusion of PPI. The AID of Cys and Pro showed both linear (P < 0.05) and quadratic (P < 0.05) reduction with increasing dietary inclusion of PPI. However, the level of inclusion of PPI (5, 10, and 15%) showed no effect AID values for dispensable AA.
DISCUSSION
The protein content (78.4%) for the PPI used in the current study was comparable to the value for PPI that was used in our previous study (84.9%; Nandha et al., 2013) . Moreover, the PPI used in the present study had a comparable CP values to soy protein isolates (86.2%; Chen et al., 2015) .
A 15% dietary inclusion of PPI in the current study resulted in reduced BW gain. The reduced BW gain as a result of increased dietary inclusion level of PPI could partly be attributed to reduced feed intake in birds.
Furthermore, this reduction in feed intake at a high inclusion level of PPI could be because of the extremely fine feed particles due to the presence of PPI as shown in Figure 1 . Chewning et al. (2012) reported a similar reduction in feed intake in broilers fed diets containing finely ground corn, thus resulting in a lower BW gain. Similar effects of feed particle size were also reported with feed ingredients like wheat and sorghum, wherein broilers fed diets containing coarser particles had a better BW gain and feed efficiency when compared to those fed fine particle mash diets (Nir et al., 1995; Amerah et al., 2007) . Moreover, uniformity of the feed particle size is another factor that influences feed intake in birds. Birds can differentiate feed particle size with the help of mechanoreceptors in the beak (Amerah et al., 2007) and birds of all ages have shown to prefer larger feed particles in the diet (Schiffman, 1968; Portella et al., 1988) . However, when diets containing uniform particle size are fed, birds spend less time searching for larger particles (Amerah et al., 2007) and thereby increases the feed intake. The diets used in the current study Table 5 . Effect of graded levels of pea protein isolates (PPI) in diets on apparent total tract retention (ATTR) of gross energy (GE) and protein, and apparent ileal digestibility (AID) of amino acids (AA) in broilers. had moderately ground corn-soybean meal with very fine particle sized PPI, and this dissimilarity in particle size could be one reason for a lower feed intake by birds fed high PPI containing diets. When compared to similar protein sources like the soy protein isolates, growth performance of broiler chicken in the present study has shown comparable results. Chen et al. (2015) in a 21-d study reported similar BW gain (524 g/bird) and daily feed intake (814 g/bird) in birds fed a corn-based diet with 16.5% soy protein isolates when compared to those fed 15% PPI in the current study. Also, Jankowski et al. (2009) have reported a significant reduction in BW gain in turkeys when fed diets containing soy protein isolates (19.5%) compared to those fed a wheat-soybean meal based control diet. Yet another reason for a reduced BW gain in birds fed 15% PPI could be because of a lower level of dietary fat. Since all the diets contained similar levels of energy and protein, the reduced performance in birds with low dietary fat suggests that energy from fat is more efficiently utilized than that from other ingredients as observed in previous studies (Atteh et al., 1983; Nitsan et al., 1997; Peebles et al., 2000) . On the contrary, few studies also observed no difference on dietary fat inclusion levels on growth performance in broilers (Anderotti et al., 2004; Rezaeipour et al., 2016) . Digestibility of fats is lower in young birds and found to increases with age (Nitsan et al., 1997) . Henceforth, at an early age in birds with low-fat digestibility, the benefits of dietary fat supplementing are not always consistent (Wiseman and Salvador, 1991; Nitsan et al., 1997) .
Development of various sections of the gastrointestinal tract in birds has been shown to be influenced by the feed particle size. The muscular stomach or the gizzard in birds helps in the reduction of the particle size of ingested feed and mixes them with digestive enzymes. Larger feed particles in the diet have shown to have a stimulatory effect on the gizzard, resulting in increased size of the gizzard (Jacobs et al., 2010) . Hence when fed fine particle size diets, the gizzard is relatively underdeveloped (Taylor and Jones, 2004) as evident in the current study wherein birds fed PPI containing diets had a lower a gizzard weight. This reduction in the gizzard weight could probably be due to the lack of mechanical stimulation by the feed because of the presence of fine particle sized PPI. Likewise, studies have shown small intestinal hypertrophy when fed fine particle size mash diets (Nir et al., 1994 ) and a lower relative duodenal weight in birds fed coarse particle diets compared to those fed fine particle diets (Nir et al., 1995; Gabriel et al., 2003) . However, such observations were not found in the current study, the reasons for which are unclear.
Larger particle size in the diets also results in a longer residence time within the stomach since coarser particles are retained in the gastrointestinal tract for a longer duration when compared to fine particles (Nir et al., 1994; Amerah et al., 2007) . Moreover, a slower passage rate may better facilitate the mixing of feed with digestive enzymes (Qaisrani et al., 2014) , thereby improving the digestibility of nutrients. The reduction in the ATTR of nutrients in the current study with increasing inclusion of PPI could be attributed to the increase in the digesta passage rate because of finely ground PPI in diets.
Pea protein isolates are refined protein fractions derived using wet processing technique (Vose et al. 1976; Owusu-Ansah and McCurdy, 1991) and are considered to contain only marginal levels of anti-nutritive factors (Nandha et al., 2013) . The relatively low levels of antinutritive factors explain the reason for a higher AID of AA in PPI when compared to those observed for whole peas (Bandegan et al., 2011) and pea protein concentrates (Valencia et al., 2009 ) fed to broilers. However, Fernández-Quintela et al. (1997) have reported around 50% trypsin inhibitor activity and phytate levels retained in PPIs after processing when compared to the pea seeds. The presence of these anti-nutritive factors could be among the probable reasons for the lower AA digestibility at higher PPI inclusion rate (15%) in the current study.
In conclusion, increasing inclusion of PPI in broiler chick diets showed a linear reduction in growth performance of birds, with a negative impact on ATTR of nutrients and AID of most of the dispensable AA. However, based on the results from the current study it is not possible to determine an optimum inclusion level for PPI in broilers. Hence, this warrants more investigations into the mechanisms underlying the negative effects of PPI inclusion on growth performance and nutrient digestibility in broilers.
